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(71) We, Coulter Electronics 
Limited, a British Company, of Coldhar- 
bour Lane, Haipenden, Hertfordshire, AL5 
4UN, do hereby declare the invention, for 
5 which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following 
statement: — 

10 The present invention relates to a 
method and apparatus for ascertaining the 
total volume of partides withm discrete 
particle-size ranges. In particular, the ap- 
paratus and method are utilized to de- 

15 tennine the volume distribution of par- 
ticles. Also, with the method and appar- 
atus to be disclosed hereinafter, the con- 
tribution of each individual particle to the 
total volume of particles within a partide- 

20 size range is utilized. In other words» a 
very exact measurement of the partide 
volume distribution is obtained without 
counting and without averaging the par- 
tides which fall within two diffCTent par- 

25 tide sizes. With respect to the latter, the 
average volume of a plurality of particles 
falling within two partide sizes will not 
necessarily be the particle size midway be- 
tween the two particle sizes and may in- 

30 stead be closer to one or die other of the 
respective particle sizes. 

Also, it has been found that utilizing sig- 
nals or pulses generated directly by a par- 
ticle passing through a sensing zone does 

3S not give sufGdently good results. If all the 
signals or pulses had the same identical 
shape, good results will be obtained. How- 
ever, because of zero drifts and the wide 
variation in pulse shapes and durations 

40 produced by partides passing through a 
sensing zone, the simple integrd or average 
of tile electrical signals or pulses provides 
an insufticiratiy accurate indication of the 
pulse size. This is due. it is believed, to 

45 the fact that pulse duration as well as 



pulse height are measured. The apparatus 
and method hereinafter to be disclosed 
avoid this problem by converting the am- 
plitude information or the maximum am- 
plitude of each signal into an electrical 50 
quantity capable of being accumulated 
such as a vdtage level or a cunent pulse. 
In this way pulse duration iitfonnation is 
prevented from influendng the ou^ut sig- 
nal. 

With respect to prior art systems for as- 
certaining particle volume, reference may 
be had to the following: 
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US, Patents 
3.127,505 
3.153,727 
3;i33.173 
3.271.671 
3331^50 
3345^02 
3.461.280 
3.699.319 



UX. Patents 
722,418 
927346 
968,491 
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Further information on particle analyzmg 70 
devices and information on a method and 
apparatus similar to ^ method and ap- 
paratus disclosed herein for analysmg i)ar- 
ticle volume distribution can be foimd in 
U.K. Patent Specification No. 1.330.587. 75 

The method and apparatus to be dis- 
dosed heremafter differ from the method 
and apparatus disdosed in the application 
referred to above by providing ou^ut sig- 
nals nAich are proportional to tiie total go 
volume of particles falling within a par- 
tide-size range. In the prior application, 
the output signals obtained were propor- 
tional to the total volume of parturles 
above certain particle sizes but not be- «< 
tween two different partide sizes. Thus, 
with the method and apparatus disdosed 
in the prior application, one would have to» 
subtract the volume of partides above one 
particle dze fiom the volume of partides 90 
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above the next lowest size to determine the 
volume of particles between the two par- 
ticle sizes. 

According to the invention there is 
5 provided a method for ascertaining the 
volume of particles within predetermined 
particle-size ranges from a total amount of 
particulate matter comprising particles of 
«A J^®.*?^^ suspended in a quantity of 
10 liquid, said method comprising the steps of 
passing the quantlQr of liquid through a 
sensing zone where each particle sensed 
generates an electrical signal having an am- 
plitude which is directly proportional to 
15 the size of the individual particle sensed, 
tracking each signal and then storing the 
maximum amplitude of each electrical sig- 
nal in an analog signal channel while 
simultaiwously comparing the maximum 
ZO amplitude with threshold levels to de- 
termine the particle-size range within which 
the particle which generated the electrical 
signal falls and generating a logic signal for 
that particle-size range, applying the stored 
25 maximum amplitude of the electrical signal 
to a plurality of normally open-circuited 
output channels, utilizing the logic signal to 
close the circuit in the output channel 
which is to receive electrical signals for 
30 panicles within the particle-size range 
wthin which the particle falls, convening 
the stored maximum amplitude of the elec- 
trical signal into an electrical quanti^ 
which is directly related to the amplitude 
35 of the signal and which is capable of being 
accumulated, accumulating in each output 
channel the electrical quantities produced 
therein, and derivmg at least one output 
signal in each output channel which is 
40 proportional to the total accumulated elec- 
trical quantities in that output channel and 
hence also proportional to the total volume 
of panicles falling within a particular par- 
ticle-size range defined by that output 
45 channel. 

Also, according to the invention there is 
provided an apparatus for ascertaining the 
volume of particles within predetermined 
particle-size ranges from a total amount of 
SO particulate matter ccxnprismg particles of 
different size suspended in a quantity of 
liquid utilLdng the output signals from a 
particle-analyzing device wherein a quantity 
of liquid containing the particles of dif- 
55 ferent size is caused to flow through a sen- 
sing zone including an electric current path 
of small dimensions and wherein each par- 
ticle sensed generates an electrical signal 
having an amplitude proportional to the 
60 size of the particle sensed, said apparatus 
comprising: electrical circuitry for tracking 
each signal and for storing the maximum 
amplitude of each signal, electrical circuitry 
for simultaneously comparing the ma.xi- 
65 mum amplitude of each signal with a 



plurality of threshold levels to determine 
the particle-size range within which the 
particle which generated the electrical sig- 
nal falls, electrical circuitry for gcncratmg 
a logic signal for each particle-size range, a 70 
plurabty of normally open-circuited output 
chsmnels coupled to said signal tracking 
and stonng circuitry, an electronic swi^ 
m each of said output channels coupled to 
said logic signal-generating circuitry, said 75 
logic signal-generating circuits being oper- 
able to apply a logic signal to the electronic 
switch m the output channel for the particlc- 
sizc range within which the panicle falls 
electrical circuitry associated with each out- 80 
put channel for converting the stored maxi- 
mum amplitude of the electrical signal into 
an electrical quantity which is directly re- 
lated to the amplitude of the electrical signal 
and which is capable of being ac- 85 
cumulated, and electrical circuitry in each 
oiitput channel for accumulatmg the elec- 
trical quantities produced therein, the out- 
put signal from each accumulating circuitry 
being proportional to the total accumulated 90 
electrical quantities in that particular out- 
put channel and hence also proportional to 
the total volume of parUcIes falling within 
a particular particle-size range defined by 
that chaxmel. 

The preferred cmbodunents of this in- 
vention now will be described, by way of 
cxan4)le. with reference to the drawings ac- 
companying this specification in which: 

Figure lA is a schematic diagram of 100 
part of the electrical circuitry for apparatus 
fommg one embodiment of the invention; 

Figure IB is a schematic diagram of the 
remainder of the electrical circuitry for the 
apparatus; -q. 

Figure 2A is a schematic diagram of 
part of the electrical circuitry for apparatus 
formmg another embodiment of the in- 
vention; and 

Figure 2B is a schematic diagram of the no 
remaining electrical circuitry for the appar- 
atus forming another embodiment of the 
invention. 

One embodiment of the apparatus is 
Illustrated schematically in Figures lA and II5 
IB and IS generally designated by the 
reference numeral 10. The apparatus 10 is 
connected to. and utilizes an electrical sig- 
nal from, a partick-analyzmg de^ce gener- 
aUy designated by the reference numeral 120 
12. The particle-analyzing device 12 in- 
cludes a parUcle volume scanning appar- 
atus 14 and a current source and control 
circuitry 16. The particle-analyzing device 
12 IS preferably of the Coulter type and 125 
nirther information on such a device can 
be found in several of the patents referred 
to above. 

In the panicle-analyzing device 12 a 
quantity of liquid containing a plurality of 130 
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particles of different size is passed through 
^ a sensing zone including a current path of 
small dimensions. A particle passing 
through the sensing zone generates an elec- 
5 trical signal which is commonly referred to 
as a particle pulse. This electrical signal is 
applied via a conductor 18 to tibe appar- 
atus 10. In the apparatus 10 the conductor 
18 is connected to an analog signal channel 

10 20 and another conductor 22 connected to 
a plurality of comparators 31 — 36. It will 
be noted that the portion of the conductor 
22 between the comparators 32 and 33 is 
hyphenated to indicate that more com- 

15 parators can be included in the bank of 
comparators shown in Figure L As shown, 
the conductor 22 is connected to the inputs 
31a — 36a of each of the comparators 31 
— 36. Another input 31b — 36b of each 

20 of the comparators 31 — 36 is ccmnected 
to a voltage threshold level in a voltage 
dividing circuit defined by a voltage souice 
40 and a plurality of series connected re- 
sistors 41 — 46. 

25 As shown in Figures lA and IB, the 
analog si^poal channel 20 includes an elec* 
tronic switch 48 having a control terminal 
49 connected to the output of the com- 
parator 31. The electronic switch will be 

30 closed once an electrical pulse or signal on 
the Ime 22 exceeds the threshold level 
established by the resistor 41. The analog 
signal channel 20 also includes a pulse 
stretcher 50 and the output of the pulse 

35 stretcher 50 is connected to a plurality of 
output channels 51 — 56. Each of the out- 
put channels 51 — 56 includes an elec- 
tronic switch 61 — 66. a proportional 
pump circuit 71 — 76 and an accumulator 

40 or integrator 81 — 86. 

The outputs of the comparators 31 — 
36 are connected to logic circuitry 88 
which determines within which particle-size 
range a particle falls and then sends a 

45 logic signal to one of the electrical switches 
61 — 66 for closing the circuit in that one 
output signal channel 51 — 56. When this 
occurs, an amplitude of the electrical signal 
or particle pulse related to particle volume. 

50 the maximum amplitude m most cases 
from the pulse stretdier SO is applied to 
the pump circuit 71 — 76 in the ap- 
propriate output channel. As shown, the 
logic signal-generating circuitry 88 includes 

55 a plurality of trailing edge detectors 91 — 
96 and a plurality of leading edge detectors 
102 — 106. The output of the comparator 
31 is connected to the trailing edge de- 
tector 91 and the outputs of the com- 

.60 parators 32 — 36 are connected re- 
spectively to trailing edge detectors 92 — 
96 and leading edge detectors 102 — 106. 
The output of the trailing edge detector 91 
• , is connected to a univibrator 111. The out- 

65 put of each trailing edge detector 92 — 96 



is connected to a bistable multivibrator 112 
— 116 respectively. Likewise, the output of 
each of the leading edge detectors .102 — 
106 is connected to a bistable multivibrator 
122 — 126 respectively. The logic signal- 70 
generating circuitry 88 also includes a 
plurality of VETO AND circuits 131 — 
135 and an AND circuit 136. As shown, 
the outputs of the univibrator and the 
multivibrators are connected to the AtJD 75 
circuits with the output of the multi- 
vibrators 112 — 115 being connected to 
one input of one of the VETO AND cir- 
cuits 132 — 135 and the output of each of 
the multivibrators 122 — 126 is connected 80 
to the inverted input of one of the VETO 
AND circuits 131 — 135. The output of 
the multivibrator .116 is connected to one 
of the input terminals of the AND circuit 
136. The remaining input terminals of each gs 
of the VETO AND circuits 131 — 135 
and the 'AND circuit 136 is connected via 
a conductor 140 to the control circuitry 16. 
Also, in the illustrated anbodiment the 
logic si^al-generating circuitry 88 includes 90 
a plurality of OR circuits 141 — 146. One 
input of each of the OR circuits 141 — 
146 is connected through a button control 
switch 148 to a reference voltage source 
150. As shown, the outputs of the AND 95 
circuits 131 — 136 are identified with the 
reference numerals 151 — 156 and are 
each connected to one of the OR circuits 
141 — 146. 

The output lines or conductors 151 — 100 
156 from flie AND circuits 131 — 136 can 
be considered as logic signal channels over 
which logic signals are carried to one of 
the ou^ut channels 51 — 56. 

In the operation of the apparatus 10. an 105 
electrical signal or particle pulse is applied 
to the analog signal channel 20 and to the 
conductor 22 leading to the comparators 
31 — 36. As the amplitude of the signal 
increases, logical one output signals are 110 
established at the outputs of the com- 
parators 31 — 32 — 33, ete., unttt the 
maximum amplitude of the signal is 
reached. Assuming that this maximum am- 
plitude is between the threshold levels at US 
inputs 33b and 34b of the comparators 33 
and 34, then the leading edge detectors 102 
and 103 will have triggered multivibrators 
122 and 123 to apply a logical one signal 
to the inverted iiq>uts of the VETO AND 120 
circuits 13.1 and 132. Thus, since these 
VETO AND circuits have a logical one at 
the inverted input thereof, they are pre- 
vented from producing a Ic^cal one output 
signal on the logic signal diannels 151 and 125 
152 respectively. Also, since the maximum 
amplitude of the electrical signal did not 
reach the threshold level at the input 34b 
of the conq>arator 34, the leading edge de- 
tector 104 did not trigger multivibrator 130 
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124. As a result a logical zero is applied 
from the multivibrator 124 to the inverted 
input of the VETO AND circuit 133. 
Thus, if logical one signals are applied to 
5 the other inputs of the VETO AND circuit 
133, a logical one output signal will be 
established on the output or logic signal 
channel 153. This occurs when the am- 
plitude of the electrical signal falls below 

10 the threshold level at the input 33b of the 
comparator 33 and the output of the com- 
parator 33 goes from logical one to logical 
zero. At that point the trailing edge de- 
tecior 93 is triggered to trigger the multi- 

15 vibrator 113 which applies the logical one 
signal to the VETO AND circuit 133. A 
control logical one signal has, of course, al- 
ready been applied to the inputs of all the 

on ANI> circuits 131 — 136 via the conductor 
140 from the control circuitry 16, Also, 
smce the VETO AND curcuits 131 and 132 
have been prevented from operating as a 
result of the logical one signal applied to 
the inverted inpuu thereof, operation of 

25 the trailing edge detectors 92 and 91 as the 
amplitude of the electrical signal decreases 
will not cause logical ones to appear at the 
output of the AND circuits 132 and 131. 
The signal on the logic signal channel 153 

30 IS then passed through the OR circuit 143 
to the electronic switch 63 thereby closing 
;me cu-cuit path in the signal channel 53. 
This allows the maximum amplitude of the 
electrical signal which has been stored in 

35 the pulse stretcher 50 to be passed to the 
proportional pump circuit 73, chai^ng the 
capacitor of the proportional pump with 
the charge O s=: Qe. where e is the am- 
plitude of the stored signal. When the elec- 

40 trical signal decreases below the threshold 
on tte input 31b of the comparator 31, the 
unmbrator 111 is triggered and applies a 
signal to a control trailing edge detector 
160. The output of the trailing edge de- 

45 tector 160 is then applied to the pulse 
stretcher 50 for resetting same. The elec- 
trical signal on the pulse stretcher 50 is 
now cleared and the output of the pulse 
stretcher quickly drops to ground. Since 

50 the pulse stretcher is connected to the 
pump circuit 73 throt^h the electronic 
switch 63. the charge stored in the pump 
capacitor is then dumped into the in- 
tegrator 83, The charge in the integrator 83 

55 then increases by a like amount and the 
voltage at the output of the integrator 83 
rises to a new plateau. The duration of the 
pulse from the univibrator 111 is adjusted 
to provide a mmimum time for any of the 

60 dectronic switches 61 — 66 to close the 
corresponding circuit path for a sufficient 
time so that the pump capacitor in the 
pump circuit connected thereto has a 
chance to fiilly chaige to the maximum 

65 amplitude of the electrical dgnal stored in 



the pulse stretcher 50. 

The output from the control trailing 
edge detector 160 is applied to a univi- 
brator 162. The output from the univi- 
brator 162 is then applied to another con- 70 
trol trailmg edge detector 164. The output 
from the trailing edge detector 164 is ap- 
plied to the reset input of all of the multi- 
vibrators in the logic circuitry 88. The 
duration of the pulse from the one-shot 75 
162 is adjusted to ensure that a complete 
transfer of charge from the pump circuit to 
the integrator in one of the output chan- 
nels 51 — 56 is made before the trailing 
edge of the output pulse is sensed by the 80 
control trailing edge detector 164 for re- 
setting all of the multivibrators. Once all 
the multivibrators are reset, the apparatus 
10 is ready for receiving another electrical 
signal or particle pulse from the particle 85 
analyzing device 12. Reset pulses are ap- 
plied to all of the multivibrators and if any 
of them had not been previously set, such 
as the multivibrators 124. 114, 125. 115. 
126 and 116, nothing happens. In any 90 
event all of the multivibrators are then 
reset and ready for the next particle pulse. 

As shown the ou^ut channels 51 — 56 
are connected to terminals of a multi-posi- 
tion switch mechanism 166 which is con- 95 
nected in turn to a recorder 168. It will be 
understood that after the quantity of liquid 
has been passed throu^ the sensmg zone 
in the partide analyzmg device 12. the 
switching mechanism 166 is operated to lOO 
sequentially connect the output channels 
51—56 to the recorder 168 which will then 
record the output signal level on each of 
the integrators 81—86 in sequence. The sig- 
nal level on each of the integrators 81 will 105 
be proportional to the total volume of par- 
ticles falling within a size range defined by 
the threshold levels on the comparators 31 
— 36 and this information regarding par- 
ticle volume distribution is recorded m the 110 
recorder 168. Alternatively, the recorder 
168 and switch 166 could be replaced with 
a visual display device on which the total 
volume distribution can be displayed. 

After all of the information has been re- 115 
corded in the recorder 168. the control cir- 
cuitry 16 is operated to apply a signal via 
the conductor 140 to all of the AND cir- 
cuits 131 — 136 to disable them and pre- 
vent them from putting out a logical one 120 
signal on the logic signal channels 151 — 
156. The ccmductor 140 also connects the 
control circuitry to each of the integrators 
81 — 86 for clearing the charge stored in 
each of the integrators to ready the appar- 125 
atus 10 for analyzing the volume dis- 
tnbtttion of particles in another quantiQr of 
liquid* 

It will be understood of course that all 
particle pulses which cross tiie lowest 
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threshold level on the input 31b of the 
comparator 31 are analyzed in exactly the 
same manner except that different numbers 
of threshold levels may be crossed. In the 
5 process, however, aliquots of charge which 
are the analogs of particle volume are 
added into the charge stored by the output 
integrators 81 — 86 exactly as titey occur 
with no reference to a guess as to where 

10 the center of the window or size range as 
defmed between two of the output channels 
51 — 56 is. This has the dasi advantage 
of increased accuracy and greater simplic- 
ity in detennining the volume distribution 

15 of partides for different size ranges of par- 
articles. 

One difficulty sometimes incurred with 
apparatus comprising electrical components 
of the type included in the apparatus 10 is 

20 that the component values for the various 
components are depended upon to give 
correct or consistent factors of propor- 
tionality. In order to be able to adjust for 
any differences in the component values as 

25 a result of component tol^ances, the OR 
circuits 141 — 146 are utilized. These OR 
circuits 141 — 146 permit all the electronic 
switches 61 — 66 to be turned on at once 
by applying a logical one signal to all of 

30 these OR circuits by means of the voltage 
source 150. This is accomplished by de- 
pressing the button switch 148. When the 
button is depressed all the pump circuits 
and integrators receive identical mputs re- 

35 gardless of the nature of tiie pulse train 
applied via the conductor 18 to the appar- 
atus 10. Therefore all tiie integrators 
should have the same output signal. It 
they do not, a suitable component in each 

40 of the output channels 51 — 56 can be 
trimmed or adjusted to make all the out- 
puts equal. By utilizing pump circuits, a 
conventional adjustment is obtained by 
paralleling the pump capacitor with a 

45 small trimmer capacitor. In this respect, it 
is to be noted that a typicsd pump 
capacitor has a capacitance in the hun^ 
dreds of picofarads and trimmer capacitors 
are readily available having a variable 

50 capacitance between 3 and 50 pkx)farads. 
Referring now to Figures 2A and 2B, 
another embodiment of the aK)aratus is 
shown therein and is generally designated 
by the reference numanEd 210. Ilie appar- 

55 atus 210 receives signals or pulses from a 
particle analyzing device 212 comprising a 
particle volume scanning apparatus 214 
and a current source and control circuitry 
216. The particle analyzing device 212 is 

60 preferably of the Coulter type and es- 
sentially the same as tiie partide analvzing 
device 12 shown in Figure lA. Maax ot 
the drcuitry in the apparatus 210 is iden- 
tical to circuitry of the apparatus 10 shown 

65 in Figure lA. In this respect the drcuitry 



contained between brok^ lines 217a and 
217b in Figure lA also is induded between 
the lines 217a and 217b in Figures 2A ex- 
cept for some modifications which will be 
described hereinafter. This drcuitry is 70 
identified schematically in Figure 2A by 
the reference numeral 217 and indudes the 
circuitry for establishing threshold levels, 
the plurality of comparators and the logic 
signal generatmg drcuitry shown in Figure 75 
1 A« 

The apparatus 210 differs from the ap- 
paratus 10 in two resi)ects. First of all, a 
plurality of analog signal channels are 
provided so that the pulse stretchers 80 
therein can be operated in their most ap- 
propriate range. Stated another way, a 
plurality of pulse stretchers are provided 
together witii suitable amplifying and at- 
tenuating circuit elements in each of the 85 
analog signal diannels so that none of the 
pulse stretchers are driven to saturation. Li 
this way, more accurate results are ob- 
tained. Secondly, the signal convertmg dr- 
cuitry is formed by resistive elements in- 90 
stead of by pump circuits as was the case 
for the apparatus 10 shown in Figures lA 
and IB. 

The plurality of analog signal channels 
are designated by the refraence numerals 95 
220 — 223. Also the first or lowest 
tiireshold comparator of the plurality of 
comparatcM^ in the drcuitry 217 is shown 
at 231. This comparator is substantially 
identical to tiie cmiparat<n* 31 shown in 100 
Figure lA, 

In the apparatus 210 there are sixteoi 
output channels as opposed to tiie six out- 
put channels in the apparatus 10. The out- 
put channels are divided into four groups 

105 

with an analog signal channel being as- 
sodated with eadi group. 3Bxcept for tiie 
fact that each group of output channels are 
assodated with different threshold levels 
applied to the comparators in the circuitry 110 
217, the operation of the circuitry in the 
output channels and the circuitry preceding 
same is the same for all four groups. 
Accordingly, reference will be made only to 
the first and second groups of output ^an- US 
nels which are idcmtmed by tiie reference 
numerals 251 — 258. Furthermore, since 
each of the ^oups of ou^ut diarmds and 
the analog signal channel associated there- 
with are essentially the same, and operate 120 
in essentially the same manna:, only the 
second group of output chaxmels 255 — 
258 and the drcuitry preceding same wiO 
be described in detail. 

As shown each of the output channds 125 
255 — 258 indudes an electronic switch 
265 — 268 and an int^tor 285 — 288 
respectively. As shown» the an^og signal 
dumnel 221 assodated with this group of 
output diannels 255 — 258 indudes an 130 
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electronic switch 290. an amplifier 292, a 
pulse stretcher 294 and a resistor 296. Al- 
though not shown in complete detail, it 
will be understood that each of the other 
5 analog signal channels 220 — 223 also in- 
cludes an electronic switch, an amplifier, a 
pulse stretcher and a resistor. 

The amplifier 292 amplifies the particle 
pulse which is passed through the elec- 

10 tronic switch 290 to a value within the 
operating range of the pulse stretcher 294. 

The resistor 296 attenuates the output 
signal from the pulse stretcher which will 
be the maximum amplitude of the particle 

15 pulse received by the pulse stretcher 294. 
The amplifier 292 and the resistor 296 per- 
mit the pulse stretcher to operate within iu 
dynamic range and without the pulse 
stretcher being driven into saturation. The 

20 resistor 296 attenuates the output signals 
so that an appropriate current signal is ap- 
plied to the output channels 255 — 258. 
The combination of amplifier and resistor 
before and after each pulse stretcher 

25 together with the duration of the output 
pulse from the univibrator 382 to be de- 
scribed below ensure that the same sen- 
sitivity for all channels with respect to 
volt-out-per-cubic-micron-in is obtained. 

30 As shown, there are a plurality of logic 
signal channels at the output of the cir- 
cuitry 217 and eight of these channels are 
designated by the reference numerals 351 
— 358. These signal channels are 

35 analogous to the signal channels 151 — 
156 shown in Figures 1 A and IB and carry 
logic signals from the logic signal gener- 
ating ctfcuitry within the circuitry 217. The 
logic signal channels 355 — 358 are con- 

40 nected respectively to one input of an 
AND circuit 365 — 368 respectively. Con- 
trol circuitry for operating the AND cir- 
cuits 365 — 368 to pass a signal to one of 
the electronic switches 265 — 268 is con- 

45 nected between the output of the com- 
parator 231 and each 61 the AND circuits 
365 — 368. This control circuitry includes 
a control trailing edge detector 380 and a 
univibrator 382. Assuming that the 

50 maximum amplitude of the particle pulse 
was such that a logic signal was estab- 
lished on the logic signal channel 358. then 
when the pulse amplitude drops below the 
threshold level applied to the comparator 

55 231, the output of the comparator 231 goes 
from logical one to logical zero. This will 
trigger the trailing edge detector 380 which 
will then operate the univil»ator 382. The 
univibrator 382 will then put out a pulse 

€0 of predetermined duration which is applied 
to all of the AND drcuits 365 — 368. 

The duration of the pulse from univi- 
brator 382 is chosen so that the AND cir- 
cuits such as the AND circuit 368 ate en- 

65 abled for a predetennined period of time. 



In this way the univibrator 382 cooperates 
with the resistor 296 m converting the 
maxmium amplitude of the electrical signal 
or particle pulse received by the pulse 
stretcher 294 to an electrical quantity 70 
which is accumulated in one of the in- 
tegrators such as the integrator 288. Sum- 
marizing, a logical one signal is established 
on the logic signal channel 358. Then when 
the electrical signal falls below the 75 
threshold level applied to the comparator 
23 h the trailing edge detector 380 and the 
univibrator 382 are operated. As a result, a 
pulse of predetermined duration is applied 
to the AND circuit 368 and with logical 80 
one signals applied to both inputs of the 
AND circuit 368. the AND circuit 368 
puts out a logical one signal which is ap- 
plied to the electronic switch 268 in the 
signal channel 258. Current then flows K 
through the resistor 296. through the 
switch 268. to the integrator 288 for a pre- 
determined time as determined by the 
duration of the pulse from the univibrator 
382, 90 

In one embodiment, the output of the 
univibrator 382 is applied to one input of 
each of the sixteen AND circuits in each 
of the logic signal channels. In this way 
the same timing pulse is utilized for each 95 
current pulse applied to each of the output 
channels. 

As shown, a trailing edge detector 390 is 
connected to the output of the univibrator 
382 and sends a reset pulse via conductor 100 
392 to the circuitry 217. This reset pulse is 
applied to the multivibrators within the cir- 
cuitry 217 for resetting same much the 
same way that the pulse from the trailing 
edge detector 164 is applied to the muhi- 105 
vibrators in Figure lA. 

To speed up the operation of the appar- 
atus 210 and to avoid extremely large or 
extremely small values of resistance 296 or 
values of capacitance of the capacitors of 110 
the mtcgrators in each group, control cfr- 
cuitry similar to the trailing edge detector 
380, univibrator 382 and the trailmg edge 
detector 390 can be connected between the 
ontpm of each comparator for the lowest 115 
threshold for each group of comparators 
for each group of signal channels. The out- 
put of each univibrator is then applied to 
the four AND circuits for that particular 
group of logic signal channels. Then the 120 
output from the second trailing edge de- 
tector is applied to an OR circuit 400 If 
this modification is utilized, the univi- 
orators must be acciu^tely calibrated so 
that the durations of then- output pulses. 125 
taking into account the value of the re- 
sistance 296. the gam of the amplifiers 291 
— 294', and the values of the integrating 
capacitors in each group result in the same 
volts-out-per-cubic-microns-in overall sen- 130 
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sitivity. With this modification, once the 
amplitude of the electrical signal or par- 
ticle puke falls below the threshold level 
on the comparator with the lowest 
5 threshold level of the group of comparators 
for each group of four logic signal chan- 
nels, the multivibrators in the circuitry 217 
will be reset and the electrical quantity or 
current pulse, with the amplitude of the 

10 current pulse determined by the resistor in 
the analog signal channel and (he duration 
of the current pulse determined by the 
pulse duraticm of the pulse from the univi- 
brator in the control circuitry, is passed to 

15 the integrator in the output channel sooner. 
After a quantity of liquid containing par- 
ticles therein has been passed through tiie 
sensing zone, a switching mechanism 410, 
similar to the switching mechanism 166 

20 shown in Figure IB, is operated to 
sequentially connect the output channels to 
a recorder 420. The control circuitry 216 is 
connected via a conductor 422 to the re- 
corder 420 for causing same to record tiie 

25 various signal levds on the various in- 
tegrators in the output channels. After this 
has been accomplished, the control cir- 
cuitry 216 will clear all the integrators and 
also inhibit the operation of the AND cir- 

30 cuits in the control chrcuitry 217. 

Although not shown, it is to be under- 
stood that a pliu-ality of OR circuits 
similar to the OR circuits 141 — 146 can 
be connected into the logic signal channds 

35 of the apparatus 210 for the purpose of 
calibrating the output channels of the ap- 
paratus 210. 
WHAT WE O-AIM IS:— 
1. A method for ascertaining the 

40 volume of particles within predetennined 
particle-size ranges from a total amount of 
particulate matter comprising particles of 
different size suspended in a quantity of 
liquid, said method comprising the steps 

45 of: 

A. passing the quantity of liquid through a 
sensing zcme where each particle sensed 
generates an electrical signal having an 
amplitude which is directly proportional 

50 to the size of the individual particle sen- 
sed; 

B. tracking each signal and then storing 
the maximum amplitude of each elec- 
trical signal m an analog signal channel 

55 while simultaneously comparing the 
maximum amplitude with threshold 
levels to determine the particle-size range 
within which the particle which gener- 
ated the electrical signal falls and gener* 

60 ating a logic signal for that partide-size 
range; 

C. applying the stored maximum am- 
plitude of the electrical signal to a 
plurality of normally open-dtcuitod out- 

65 put channels: 



D. utilizing the logic signal to close the 
circuit in the output chamiel which is to 
receive electrical signals for particles 
within the particle-size range wiflim 
which the particle falls; 70 

E. convertmg the stored maximum am- 
plitude of the electrical signal into an 
electrical quantity which is directly rela- 
ted to the amphtude of the signal and 
which is capable of being accumulated; 75 

F. accumulating in each output channel 
the electrical quantities produced therein; 
and 

G. deriving at least one output signal in 
each output channel which is propor- 80 
tional to the total accumulated electrical 
quantities in that output channel and 
hence also proportional to the total 
volume of particles falling withm a 
particular particle-size range, defined by 85 
that channel. 

2. Tlie method according to daim 1 
wherein the signal stored in fiie analog sig- 
nal channel is a voltage signal whidi is ap- 
plied to a pump in the close circuted out- 90 
put channel, the output from the pump 
constituting said electrical quantity and 
said accumulating being accomplished 
integrating said eletcrical quantities. 

3. The method according to claim 1 95 
wherem the stored signal in me analog sig- 
nal channel is a voltage agnal which is 
converted to a current signal and the 
particular diannel which is close-ckcuited 

to receive said current signal is dosed for 100 
a predetermined period of time for eadi 
electrical signal generated, the electrical 
quantity gyrated for each particle bemg 
equal to tiie current signal multiplied by a 
tune constant equal to the predetermined 105 
tune period, and the electrical quantity is 
accumulated by integrating the curr^t sig- 
nal for the predetermined period of time. 

4. The method accordmg to claim 1 
wherein the output channels are divided 110 
into a plurality of groups and each elec- 
trical signal is tracked and stored in a 
plurality of analog signal channels, one 
each for eadi oi the groups of output 
channels, the analog signal in each analog 115 
si^ial channd being multiplied by a sen- 
sitivity focton 

5. An ai^aratus for ascertaining the 
volume of particles within predetermined 
particle-size ranges from a total amount of 120 
particulate matter comprising particles of 
different size suspended in a quantity of 
liquid utilizing the output sisals from a 
particle-analyzing device wherein a quantity 

of liquid contaming the particles of dif- 125 
feient size is caused to flow through a sen* 
sing 2cme including an dectric current path 
of small dimensions and wherein each par- 
tide sensed generates an dectrical signal 
having an amplitude proporti<Hud to the 130 
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size of the particle sensed, said apparatus 
comprising: 

A- electrical circuitry for tracking each 
signal and for storing the maximum am- 
5 plitude of each signal; 

B. electrical circuitry for simultaneously 
comparing the maximum amplitude of 
each signal with a plurality of threshold 
levels to determine the particle-size range 

10 within which the particle which gener- 
ated the electtical signal falls; 

C. electrical circuitiy for generating a 
logic signal for each particle-size range; 

D. a plurality of normally open-circuited 
15 output channels coupled to said signal 

tracking and storing means; 

E. an electronic switch in each of said 
output channels coupled to said logic 
signal-generating means, said logic signal- 

20 generating circuitry being operable to 
apply a logic signal to the electronic 
switch m the output channel for the par- 
ticle-size range within which the particle 
falls; ^ 

25 F- electrical circuitry associated with each 
output channel for converting ihe stored 
maximum amplitude of the electrical sig- 
nal into an electrical quantity which is 
directly related to the amplitude of the 

30 electncal signal and which is capable of 
being accumulated; and 
G. electrical circuitry in each output 
channel for accumulating the electrical 
quantities produced theiem. the output 

35 Signal from each accumulating circuitry 
being proportional to the total ac- 
cumulated electrical quantiUcs in that 
particular output channel and hence also 
proportional to the total volume of par- 
40 tides falling within a particular particle- 
size range defined by that channel. 

6. The apparatus according to claim 5 
whejrcm said curcuitry for tracking and 
stormg each signal includes a pulse 

45 stretcher. ^ 

7. The apparatus according to claim 5 
or 6 wherem said comparing circuitry in- 
cludes a plurality of comparators each 
having first and sooood inputs, said first 

w input of each comparator being connected 
to one of the threshold levels and said 
second input of each of said comparators 
connected to the particle-analyzing 

55 8. The apparatus according to claim 7 
wherein said logic signal-generating cir- 
cuiU;y comprises a traUing edge detector, a 
leading edge detector, and first and second 
bistable multivibrators for each comparator 

W except the comparator connected to the 
lowest threshold level, the output of each 
of the other comparators bdng connected 
to an input of both the trailmg edge de- 
tector and the leading edge detector, the 

65 output of said trailing edge detector being 



connected to said first multivibrator and 
the output from said leading edge detector 
being coimccted to said second muhi- 
vibrator, an AND circuit connected to said 
first multivibrator associated with said 70 
comparator at the highest threshold level, 
a plurality of VETO AND circuits each of 
which is connected to said second multi- 
vibrator associated with a comparator con- 
nected to one of said threshold levels and 75 
to said first multivibrator associated with 
the comparator connected to the next 
lowest threshold level, and a trailing edge 
detector and a univibrator connected in 
series between the comparator connected to 80 
the lowest threshold level and one of said 
VETO AND circuits, said logic signals ap- 
pearing at the outputs of said AND cir- 
cuits. 

9. The apparatus according to claim 8 85 
wherein an OR circuit is coupled to the 
output of each of the AND circuits and 
the other input of each of the OR circuits 

is connectable to a reference voltage source 
through a control switch for calibraUon 90 
purposes. 

10. The apparatus accordmg to any one 
of claims 5 to 8 wherein said converting 
circuitry mcludes a proportional pump cir- 
cuit in each of said output channels. 95 

11; . The apparatus according to any one 
of claims 5 to 8 wherem each of said ac- 
cumulatmg circuitry in each of said output 
channels is an integrator. 

12. The apparatus according to any one 100 
of claims 5 to 11 wherein the output of 
said univibrator associated with said com- 
parator connected to the lowest threshold 
is conncted to a control trailing edge de- 
tector, the output of said control trailing 105 
edge detector bemg connected to said pulse 
stretcher for resetting same for receiving 
and processing another electrical signal 
from the particle-analyzing device. 

75? apparatus according to claim 110 
12 includmg a univibrator connected to 
said control trailing edge detector and a 
second control trailing edge detector con- 
nected to the output of said univibrator. 
the output of said second trailing edge de- 115 
tector being connected to said multi- 
vibrators associated with all the com- 
parators, except the compaiator connected 
to the lowest threshold level for resetting 
« a ors for 

processing another 120 

electncal signal. 

14. The apparatus according to any one 
of claims 5 to 13 wherem control circuitry 
of the particle-analyzing device is con- 
nected to all of the AND circuits for con- 125 
trollfag the operation thereof and is con- 
nected to all of the accumulating circuits 
for removing the total accumulated elec- 
trical quantities therefrom after a quantity 
of liquid has been analyased to prepare the 130 
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accumulating circuitry for the analysis of 
anoth^ quantity of liquid having particles 
therein. 

15. The apparatus according to claun 5 
5 wherem the output channels arc divided 

into groups and a pulse stretcher is as- 
sociated with each group of channels and 
^h pulse stretcher is located in an analog 
signal channel all of which are connected 
10 to a conductor which is connected to the 
particle-analyzing device. 

16. The apparatus according to daim 
IS wherein each analog signal channel in- 
cludes an amplifier coupled between said 

IS conductor and said pulse stretcher and a 
resistor connected between the output of 
said pulse stretcher and one group of said 
output channels. 

17. The apparatus according to daim 
20 16 includmg a plurality of groups of logic 

signal channels forming the output from 
said logic signal-generating circuitry, each 
group of logic signal channels being as- 
sodated with a group of output channels, a 

25 plurality of AND circuits each connected 
to one of said logic signal channels and 
having an output connected to one of said 
electronic switches in one of said output 
diannels, a control trailmg edge detector 

30 connected to the output of the comparator 
connected to the lowest threshold level and 
a univibrator connected between the output 
of said control trailing edge detector and 
one input of eadi of said AND dicuits 

35 and being operable when the amplitude of 
the electrical signal falls below the 
threshold of the lowest threshold level to 



produce a short pulse which is applied to 
each of said AND circuits to which said 
logic signal diannel is connected for pass- 40 
ing a logic signal for a predetermined time 
period, equal to the duration of the short 
pulse, to one of said electronic switches in 
one of said output chamois to allow cur- 
rent to flow through said resistor connected 45 
to the output of one of said pulse 
strctdiers aiid througih said one dectionic 
switch to one of said accumulatix^ circuits 
for a predetermined period of time, said 
converting circuitry being defined by each SO 
resistor connected between one of said 
pulse stretchers and a group of said output 
channels and each univibrator. 

18. The apparatus according to claim 

17 wherein a second control trailing edge 55 
detector is connected to the output of said 
imivibrator, the output of said second con- 
trol trailing edge detector being connected 
to said pulse stretdiers for reading same 
and to said logic signal-generating drcuitry go 
for resettmg same for procesdng another 
electrical signal. 

19. The method substantially as herein 
described with reference to the accompany- 
ing drawings. 65 

20. An apparatus substantially as 
herem described with reference to the ac- 
companying drawings. 

A. A. THORNTON & CD- 
Chartered Patent Agents, 
Northumberland Hous^ 
303/306 IBgh Holbom. 
London, W.C L 
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